Cell shape and the presentation of adhesion ligands guide smooth muscle myogenesis.
The reliable generation of smooth muscle cells is important for a number of tissue engineering applications. Human mesenchymal stem cells (MSCs) are a promising progenitor of smooth muscle, with high expression of smooth muscle markers observed in a fraction of isolated cells, which can be increased by introduction of soluble supplements that direct differentiation. Here we demonstrate a new micropatterning technique, where peptides of different ligand affinity can be microcontact printed onto an inert background, to explore MSC differentiation to smooth muscle through controlled biochemical and biophysical cues alone. Using copper-catalyzed alkyne-azide cycloaddition (CuAAC), we patterned our surfaces with RGD peptide ligands-both a linear peptide with low integrin affinity and a cyclic version with high integrin affinity-for the culture of MSCs in shapes with various aspect ratios. At low aspect ratio, ligand affinity is a prime determinant for smooth muscle differentiation, while at high aspect ratio, ligand affinity has less of an effect. Pathway analysis reveals a role for focal adhesion turnover, Rac1, RhoA/ROCK, and calpain during smooth muscle differentiation of MSCs in response to cell shape and the affinity of the cell adhesion interface. Controlling integrin-ligand affinity at the biomaterials interface is important for mediating adhesion but may also prove useful for directing smooth muscle myogenesis. Peptide patterning enables the systematic investigation of single to multiple peptides derived from any protein, at different densities across a biomaterials surface, which has the potential to direct multiple MSC differentiation outcomes without the need for soluble supplements.